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ABSTRACT
The system of linear equation has a great importance in many real bfdeprs such as
economics, optimization and in various engineering field. We know that spétéimear
eqguations, in general is solved for crisp unknowns. In actual case the parameters of theobyste
linear equations are modeled by taking the experimental or observational dataheSo t
parameters of the system actually contain uncertainty rather than tisp one. The
uncertainties may be considered in term of interval number.
Recently different authors have investigated these problems by vametiods. Although
solutions obtained by these methods are good but sometimes the method reqggjles
procedure and computationally not efficient.
In this paper we propose an exact method for solving interval systemeaf &quation. We have
tested the method and it is producing a better result in comparison with the existing ones.

1.0 INTRODUCTION

System of linear equation can be solved by different methottse Koefficient matrix and right
vector are in crisp then this system can be solved by then&ts rule, Gauss- Elimination
method, Gauss- Jacobi iteration method, Gauss- seidel ateratethod, matrix inversion
method, matrix factorization method etc. When the coefficiaattirnand the right vector are in
the interval form then also we may find the solution by Gaussidition type method (interval
form).In this context different authors develop different meth&dsev [1] developed a method
for outer interval solution of linear parametric systems. r&kdP] introduced methods for
solving systems of linear equations of structure mechanitsimerval parameters. Popova [3]
also introduced a method on the solution of parameterized laystems. Walter Kraemer [4]
investigated computing and visualizing solution sets of intdmaar systems. Diptiranjan and
Chakraverty recently found a numerical solution of interval andyfuagstem of linear
equation[5].However, in this work, we reviewe the methods presented bySupasaad8§.
Chakravert6], Shohreh Abolmasaumi and Majid Alavi [7], Abolmasaumi [8] andGlaissian
elimination methods using modified interval arithmetic proposed ®hdW Allahdadi and
Zohreh Khorran [9]. Finally we compare our results with those rddain the reviewed papers.
All the methods are aimed at finding the narrowest possible valu#ise lower and upper
bounds of the interval solutions x in the given systems ofvaltdéinear equationdn this paper
we have proposed a new method for solving interval system ofr legaations which is
undoubtedly a good method for solving this type of system of equation$va ajives strong
solution.On the other hand, applying the proposedmethod the interval widitheohitaless than
the interval width obtained bythe existing methods. Moreover,ltsemess of interval width in
system of equations tothe right hand side is important so the propesieodnis more effective
and efficient forsolving interval linear system of equations.



20 BASICSCONCEPTSAND NOTATIONSOF INTERVAL ARITHMETIC.

Interval will be represented by boldface brackéts 17, used for intervals defined by an upper
bound and a lower bound. Underscore will be used to denote lower bounds ofsrdad/aver
score will denote the upper bounds

Definition 2.1

An interval number ¥ Ris generally represented &, [X ] whereX<X.
If AandAare two matrices in'R"andA<4, then the set of matrices
A'=[4;A] ={A€ R :A<A<A};
is called an interval matrix, and the matrigfdeare called lower and upper bounds 6f A
Definition 2.2
A square interval matrix #s called regular if each@A'is nonsingular.
Definition 2.3
Interval arithmetic operations are defined on R such that teevaitresult encloses all
possible results. The four standard operations (+,-, -, + flefnreed over interval numbers as
follows. If X=[x,x]and Y =[y,y ] then,
X+Y =4y, x4y ]
X_Y:k_71f_z]
X-Y=[min{xy,xy,xy,xy } max{xy,xy,xy,xy }]
—. 1 —
X+=Y=[x,y]" [5' ;] suchthat @[y .,y |.
3.0 RESEARCH METHOD
Let us consider the system of linear equation.
A'x'=b (1)
Where A= [ 4, A] is an interval matrix of orden and B =[ b, blis an interval vector oh
components. This linear system is called interval lingstesn.We can also write a linear system
of interval equations (1) explicitly as given below.

Al = (211@11) (212:?12) X! = l(&:fﬂ andb! = l(bll?l) 2)
(@21,G21) (@22, G22) (x2,%2) (by, by)
Where
_[G11 Qa2 _[% _ [
A= [221 sz] X = [EZ] Andb = Qz] 3)
and
A R e @
Az1 A2z X2 b, ]

Where by the members in an interval are both either positivegatine.Now interval values are
operated through the interval arithmetic rules. Because ahtie computation involved in this
procedure it is a difficult task to perform and the margin oeuamty increases drastically. To
overcome the above difficulties (to a certain extent) we now proposav methodby solving
the lower and upper bounds of the system separately.



Definition 3.1:
If A'is regular (i.e & |A|), then A is invertible.
If the inverse of Aexists then the systems (1) will be written as
ATAX = AT
xl — Al—lbl
But from the elementary matrix we know that

N4:ﬁﬁmﬁ4

Proposition 3.2: [10]

IfA'=[A,A] € R™ wheredandA are the lower and upper bounds of the interval A. If
AandA are regular and™> 0, A= 0, then A is regular and

1 — [AT'].' /_1'1] 2 0
Theorem 3.3:
If AandA are regular then their inverses exists and the solutioo=A" will be

X1 1 [@22b1 —ai2by
X2 lallaziby  ai1b;

and

I1 _ 1 a22b1 —512192]
xZ |A| __6211 allbz
Pr oof:

e = 2 22 x= [5] anap= 2]

If Ais regular (i.d4| = 0) thenA is invertible that is inverse aflexists.Then, we have,
A'AX =A"b

X=A"

F —a
From the concepts of matrix we know téat = —ad]A whereadjA = [Ezi a_;z]
— azz 212 D4 . . .

=" 4| [921 as, [b ]WhICh implies that
— [azz_l a1zﬁz]

KZ |A| Gz1b1  aiby



1 1
Hence x; = Tl (@22b1 + (—ay2b;)andx, = Tl (@21by + (—as1b,)

The proof ofXfollows similalry asX.

4.0 RESULTSAND ANALYSIS

Example4.1: Let us consider an example given in [7].
[[3,4] [1,2]] l[{l)fl]l — [ [2'4] ]
[01] [7.8]|[x2%,]]  [-11]

Using theirmethods and techniques, Abolmasoumiand Alavi . [7]obtaime solution of the
above system ag, x, = [0.6231, —0.2075]andx;, x, = [1.2083 ,—0.0520].

When we apply the proposed method we have,

[t i Y ]

wofy Y r-fl w w2

a =7 Tl andlal=21+0= 21
X
x| = AL
i{i :Z[jo _31] [—21
[X1] 1[14+1]
[ X;]  21l-0-3
&]21[15
X2l 211-3

X, =0.7142 And X, = —0.14285

Similarly for the maximum values we have

A=[f 3% =[] enas = [}]
1 [ 8 -2

=15, 7] and[a]=32-2=30

KEsala

AR




X1 _ 1[32-2
X, sol-4+4
X, _i[3o]
Yz T 30l0Q
lel AndY2=0

The solution of the system is thep x, = [0.7142,—0.1429] andx, x, = [1 ,0]
Example 4.2:Let us consider another example given in[6].

23] [x1, %] [1 2]
[34 23]] [, %] [18 19]]

Applying the proposed method, solution of the given interval sysfdimear equation is
X1, X5 =[8.75, -4.13] andy, x,= [8.0909 , -4.4545] .
Example 4.3: The last example was taken from [11] and [9].
23] [01] 1 X1, 12Q]
[[1,2] [2,3] l[_z, xz]l [ 60, 240

Applying the proposed method, solution of the given interval sysfdimear equation is

X1, %, =[0,17.1429] an&;, x,= [30, 68.5714] .

50 DISCUSSION

Solutions of system discussed so far in example 4.1, 4.2 and Ag@ axssting and proposed
methods are given in Table 1 below:

Problem Existing Method Proposed Method
Solution Interval Solution Interval
Width Width
Example 4.1 x1,%; = [0.6231,1.2083] |[0.5852] | x;,x; = [0.7142, 1] [0.2858]

X5, %, = [—0.206,—0.052] | [0-1555] X0 %, = [-0.1429,0] | [0-1429]

Example 4.2 | x,, %, =[8.75, 8.0909] [0.6591] | x,,X; =[8.75,8.0909] [0.6591]

X5, %, = [—4.13,—4.4545] |[0-3299] | % - [—4.13,—44545] |[0-3295]

Example 4.3 | x;,%; = [-27.406, 54.679] | [27.273] x1,%; = [0,17.1429] [17.1429]

% [103.637) . % - [30,68.5714] |[38:5714]
= [-6.909,110.546]

From Table 1we can see that the results obtained in exampénd.4.3 using the proposed
method are better than the results obtained with the existeztbeds because the interval width
is less than the interval width previously obtained by the existemethods. Also the results
obtained in example 4.2 using the proposed method agrees with the ofgtsutied in the
existence method, though our methods is simple than the existence method.




51 CONCLUSION

In this paper, we proposed a method for solving interval systéimedr equation which is

relatively new approach for solving this type of system of egusibesides other approaches. It

should be noted that in order to use the proposed method, the lower and upperabdbads
given matrix must be regular. Though the procedure is simple, Ing tl# method we can
easily find out a good solution with better result.
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